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Abstract
Objectives: Both laparoscopic techniques and multimodal enhanced recovery programmes have been
shown to improve recovery and reduce length of hospital stay. Interestingly, evidence-based care
programmes are not widely implemented, whereas new, minimally invasive surgical procedures are often
adopted with very little evidence to support their effectiveness. The present survey aimed to shed light on
experiences of the adoption of both methods of optimizing recovery.
Methods: An international, web-based, 18-question, electronic survey was composed in 2010. The
survey was sent out to 673 hepatopancreatobiliary (HPB) centres worldwide in June 2010 to investigate
international experiences with laparoscopic liver surgery, fast-track recovery programmes and surgery-
related equipoise in open and laparoscopic techniques and to assess opinions on strategies for adopting
laparoscopic liver surgery in HPB surgical practice.
Results: A total of 507 centres responded (response rate: 75.3%), 161 of which finished the survey
completely. All units reported performing open liver resections, 24.2% performed open living donor
resections, 39.1% carried out orthotopic liver transplantations, 87.6% had experience with laparoscopic
resections and 2.5% performed laparoscopic living donor resections. A median of 50 (range: 2–560)
open and 9.5 (range: 1–80) laparoscopic liver resections per surgical unit were performed in 2009.
Patients stayed in hospital for a median of 7 days (range: 2–15 days) after uncomplicated open liver
resection and a median of 4 days (range: 1–10 days) after uncomplicated laparoscopic liver resection.
Only 28.0% of centres reported having experience with fast-track programmes in liver surgery. The
majority considered the instigation of a randomized controlled trial or a prospective register comparing
the outcomes of open and laparoscopic techniques to be necessary.
Conclusions: Worldwide dissemination of laparoscopic liver resection is substantial, although laparo-
scopic volumes are low in the majority of HPB centres. The adoption of enhanced recovery programmes
in liver surgery is limited and should be given greater attention.
Received 11 April 2012; accepted 14 July 2012
Correspondence
Edgar M. Wong-Lun-Hing, Department of Surgery, Maastricht University, PO Box 616, Maastricht
6200 MD, the Netherlands. Tel: + 31 43 388 1583. Fax: + 31 43 387 5473. E-mail: e.wong@
maastrichtuniversity.nl
Introduction
In recent years, laparoscopic liver resection and enhanced recovery
programmes have been introduced in liver surgery with the aim of
accelerating postoperative recovery and shortening hospital
length of stay (LoS). Like open liver resection, laparoscopic resec-
tion of liver lesions can be applied safely in both malignant and
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benign disease.1–7 Large prospective case series suggest that laparo-
scopic liver surgery may be superior to open liver surgery in terms
of perioperative blood loss, postoperative pain, time to recovery,
LoS, cosmetic appearance and quality of life.5,8–10 Survival rates
after laparoscopic and open resection of hepatocellular carcinoma
and hepatic colorectal metastases seem to be comparable.1,5
Similarly, fast-track programmes have proven to be useful, fea-
sible and safe in liver surgery.11–15 Such programmes can also
enhance recovery and reduce LoS. Enhanced recovery after
surgery (ERAS) programmes rely mainly on optimizing periop-
erative care and reducing stress responses to surgery through the
provision of adequate preoperative patient counselling, opti-
mized anaesthesia and analgesia, quick resumption of oral intake
and early mobilization.12,16–18 In liver resection, earlier resump-
tion of oral intake, faster postoperative recovery and a significant
reduction in median LoS (from 8 days to 6 days) was shown
when patients were managed within a multimodal ERAS
programme.12
A small pilot study in liver surgery suggested that laparoscopic
liver surgery within an ERAS setting led to a potentially acceler-
ated recovery and further reduction in LoS from 7 days to 5 days.11
Moreover, the combining of laparoscopy and an ERAS strategy is
most likely to result in a synergetic effect, as recently proven in a
randomized controlled trial (RCT) in the context of colonic
surgery.19
Despite the fairly robust evidence that many specific elements
of fast-track programmes can enhance recovery and reduce LoS,
little evidence on the use of these programmes in liver surgery
has been published. This suggests that the adoption of ERAS
programmes in liver surgery worldwide is low. Current surgical
practice is based on evidence and any change in daily routines
should be supported by sound data.20 In this respect, the current
fairly liberal adoption of laparoscopic liver surgery contrasts
with the relative lack of adoption of enhanced recovery
programmes.
An international web-based survey was composed to evaluate
worldwide experiences with laparoscopic liver surgery and fast-
track recovery programmes, and surgery-related equipoise in
open and laparoscopic strategies, and to assess opinions on strat-
egies for the adoption of laparoscopic liver surgery in daily
hepatopancreatobiliary (HPB) surgical practice.
Materials and methods
Study design
An online electronic survey, consisting of 18 questions subdivided
according to five main domains, was developed (Appendix 1).
Questions on the different topics were initially composed by two
research fellows (EMW-L-H and TML) and two liver surgeons
(RMvD and JHMBS). The definitive set of questions was then
administered using SurveyMonkey™ (SurveyMonkey, Inc., Palo
Alto, CA, USA). Items in the first domain included several ques-
tions on experience in open and laparoscopic liver surgery and
covered types and numbers of liver resections. Items in the second
domain concerned recovery and LoS after uncomplicated open or
laparoscopic liver resection. Items in the third domain surveyed
experience with enhanced recovery or fast-track perioperative
care programmes such as ERAS programmes. The fourth part of
the survey was developed to evaluate opinions on the necessity of
an RCT and on the value of a prospective registry comparing
outcomes in open and laparoscopic liver surgery. Items in the final
domain evaluated current opinions on and considerations for
participating in such a trial. Incomplete responses were excluded
from analysis.
Study population
An invitation to complete this survey was sent by e-mail to 673
HPB centres worldwide in June 2010. Subsequent e-mail remind-
ers were sent out in August and September 2010. Only one
surgeon per HPB unit was asked to participate. Figure 1 describes
the respondent inclusion and exclusion process. The participation
period closed and analyses were conducted in November 2010.
Statistics
Survey data were extracted into an Excel database. Statistical
analysis was performed using SPSS Version 18.0 (SPSS, Inc.,
Chicago, IL, USA) and GraphPad Prism Version 5 (GraphPad
HPB centres approached (n = 673)
No response 
(n = 166)
First invitation (n = 208)
First reminder (n = 260)
Second reminder (n = 507)
Response rate = 75.3%
Excluded (n = 28)
Retired (n = 10)
Only pancreatic surgery (n = 18)
HPB centres
(n = 479)
Complete responses
included for
data analysis
(n = 161)
Incomplete
responses
(n = 318)
Figure 1 Flowchart showing the respondent inclusion and exclusion
process. A total of 673 hepatopancreatobiliary (HPB) centres were
approached. Cumulative response numbers after the first invitation
and first and second reminders are displayed. A total of 166 sur-
geons did not respond to the study invitation or reminders, and data
from an additional 28 centres were excluded. Only data from the
centres that provided complete responses (n = 161) were analysed
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Software, Inc., La Jolla, CA, USA). Basic analyses were performed
using descriptive statistics including counts, percentages, means
with standard deviations and medians with ranges and interquar-
tile ranges (IQRs). Subgroup analysis was performed to investigate
potentially relevant differences among regions and centre experi-
ences using the Mann–Whitney U-test or chi-squared test. All
countries were assigned to one of the following six regions:
Europe; North America; Central and South America; Asia;
Oceania, and Africa. An experienced laparoscopic HPB centre was
defined as a surgical unit performing 20 or more laparoscopic liver
resections annually.21
Results
Participation
A total of 507 centres (one surgeon per centre) responded
(response rate 75.3%). Incomplete responses were excluded from
data analysis, leaving complete responses from 161 centres.
Centres in 39 different countries participated; these were divided
into groups according to the six global regions (Fig. 2). The
regions that provided the highest response rates were Europe
(45%) and North America (26%), with the USA (n = 34), Italy
(n = 16), Canada (n = 8) and the Netherlands (n = 8) representing
the top four countries providing complete responses.
Types of liver resection
Open resection of liver lesions was performed by 100% of the
units. Overall, 87.6% of responding units reported experience
with laparoscopic resection of liver lesions, 39.1% with orthotopic
liver transplantation, 24.2% with open living donor resection and
2.5% with laparoscopic living donor resection. Table 1 shows the
percentages of HPB centres performing different types of liver
surgery and the differences among regions.
Experience
A total of 42.0% of responding centres indicated that their data
represented precise numbers. The remaining centres provided
estimations that were as accurate as possible. A wide range in the
number of resections performed was observed among HPB
centres. In 2009, the median number of open resections for
liver lesions performed was 50 (range: 2–560; IQR = 50) per
surgical unit. In the same year, the median number of laparo-
scopic resections of liver lesions performed was 9.5 (range: 1–80;
IQR = 15) per centre. Worldwide figures for open and laparo-
scopic liver resections and differences among regions are shown in
Table 2. Of the participating centres, 26.6% could be classified as
experienced laparoscopic liver centres based on their completion
of at least 20 laparoscopic liver resections per year (Table 3).
Experienced laparoscopic centres seemed to be more frequently
located in the Americas than in other continents (44.2% vs.
13.5%; P < 0.001).
Hospital LoS and fast-track perioperative
care programmes
The reported median hospital LoS after uncomplicated liver resec-
tion was 7 days (range: 2–15 days) after open surgery and 4 days
(range: 1–10 days) after laparoscopic surgery. Differences among
regions are shown in Table 4. In addition, a subgroup analysis
showed that experienced centres achieved a significantly shorter
median LoS after laparoscopic liver resection compared with inex-
perienced centres [3.4 days (range: 1–7 days) vs. 4.2 days (range:
1–10 days); P = 0.013]. Half of the HPB centres (50.1%) had
experience with fast-track perioperative care programmes in
colonic, hepatic or pancreatic surgery or a combination of these
fields. Only 28.0% had experience with these programmes in liver
surgery. Results per region are shown in Table 5.
Necessity for an RCT comparing open and
laparoscopic liver surgery
The majority (59.4%) of HPB centres considered that an RCT
comparing outcomes in open and laparoscopic liver surgery prior
to the further adoption of laparoscopic liver surgery was neces-
sary. A total of 49.1% considered that a combination of such an
RCT and a prospective multicentre registry should be mandatory;
36.4% considered that a prospective multicentre registry alone
would be sufficient and 4.2% deemed a prospective hospital reg-
istry adequate. Of the surgical units that performed both open
and laparoscopic left lateral sectionectomy (LLS) within a fast-
track/ERAS programme, 82.9% indicated that they would con-
sider participating in an RCT. Level A evidence to support the
superiority of the laparoscopic technique was still considered nec-
essary by the majority of respondents. A total of 94.3% of partici-
pants with experience in both open and laparoscopic LLS, both
within and outwith fast-track or ERAS programmes, would also
consider participating in a prospective registry. Overall, 83.3% of
liver units without experience in laparoscopic liver surgery indi-
cated a desire to participate in hands-on training in laparoscopic
liver surgery and/or a proctor programme.
Figure 2 Centres (n = 161) included in the data analysis by region
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Discussion
This study aimed to assess the worldwide experience and dis-
semination of two recently introduced strategies to accelerate
recovery after liver surgery. It demonstrates that the majority of
HPB centres perform liver surgery in the absence of an enhanced
recovery perioperative care programme, and that the majority of
HPB centres perform laparoscopic liver surgery. This study also
shows substantial variance in hospital LoS among centres and
regions. Lastly, this study demonstrates the presence of clinical
equipoise in laparoscopic and open liver resection in the
HPB community.22,23 Clinical equipoise refers to a context in
which there is no preference or certainty of therapeutic superi-
ority for either laparoscopic or open liver surgery. The majority
of liver centres considered that an RCT was necessary to prove
the laparoscopic technique to be equal or superior to open
surgery.
The results show a high level of dissemination of laparoscopic
liver surgery. Both low- and high-volume centres, amounting to
87.6% of HPB units, perform liver resections laparoscopically.
Although the laparoscopic procedure is frequently used, many
centres in this study have limited experience in laparoscopic liver
resection. By contrast, responding centres displayed limited
adoption of enhanced recovery programmes in liver surgery
(one in four). The liberal adoption of laparoscopic liver surgery,
even in low-volume HPB centres, is seemingly in conflict with
current standards of evidence-based practice in the medical
community. Neither is it in keeping with recommendations
expressed in an expert consensus (the Louisville Consensus),
which concluded that laparoscopic liver surgery was safe and
effective in the hands of experienced and trained surgeons.24 In
line with the available evidence for fast-track principles in liver
surgery,11–15 proof of the merits of laparoscopic vs. open liver
surgery is also limited and no RCTs have been undertaken.
However, a recent literature review and meta-analysis of avail-
able prospective and retrospective studies comparing open with
laparoscopic liver resections both found short- and longterm
outcomes favourable for the laparoscopic procedure. Not only
was LoS markedly shorter, but blood loss and complications
Table 1 Centres performing types of procedure, by region
Centres performing surgical procedures, by region, n (%)
Europe North
America
Central and
South America
Asia Oceania Africa Worldwide
Open resection of liver lesions 72 42 10 24 8 5 161 (100.0)
Laparoscopic resection of liver lesions 61 41 10 19 7 3 141 (87.6)
Orthotopic liver transplantation 29 17 5 7 4 1 63 (39.1)
Open living donor resection 15 10 4 7 2 1 39 (24.2)
Laparoscopic living donor resection 1 1 1 1 0 0 4 (2.5)
Table 2 Number of resections per surgical unit per year (2009)
Region Liver resections performed in 2009, median (range)/IQR
Open liver resections Laparoscopic liver
resections
Europe 55.0 (2–250)/60.0 5.0 (1–61)/9.0
North America 45.0 (6–200)/42.5 19.0 (2–80)/21.0
Central and south America 32.5 (12–80)/23.5 10.0 (3–30)/18.0
Asia 50.0 (5–560)/62.3 6.0 (1–80)/5.0
Oceania 57.5 (15–150)/110.0 9.0 (1–20)/7.0
Africa 50.0 (5–120)/115.0 4.5 (3–13)/7.8
Worldwide 50.0 (2–560)/50.0 9.5 (1–80)/15.0
IQR, interquartile range.
Table 3 Numbers of laparoscopic liver surgery centres demonstrat-
ing experience defined by a volume of >20 laparoscopic resections
per year
Region Experienced laparoscopic
liver centres, n/laparoscopic
liver centres, n (%)
Europe 10/59 (16.9%)
North America 20/41 (48.8%)
Central and South America 3/9 (33.3%)
Asia 3/19 (15.8%)
Oceania 1/7 (14.3%)
Africa 0/4
Worldwide 37/139 (26.6%)
HPB 821
HPB 2012, 14, 818–827 © 2012 International Hepato-Pancreato-Biliary Association
were found to be reduced and oncologic outcomes did not differ
between the two techniques.25,26
Low-volume centres in this study reported a significantly longer
hospital LoS compared with high-volume centres. In addition,
LoS after open and laparoscopic liver surgery varied substantially
among regions. The surgeon’s progress along the laparoscopic
learning curve influences LoS because laparoscopic liver resection
is technically demanding and requires expertise in both advanced
laparoscopic skills and open liver surgery.27 This is in line with the
findings of a meta-analysis of studies reporting on 20 or more
laparoscopic procedures, which indicated that a laparoscopic
approach led to a significant reduction in morbidity and LoS.21 In
addition, differences in standard of care and discharge criteria
may also contribute to the variance in LoS reported in the litera-
ture (3–20 days after open and 6–32 days after laparoscopic liver
resection).25 Substantial distinctions at a cultural level may lie at
the root of the observed variance in LoS. In some regions patients
are discharged to a home care institution early in their recovery
process (e.g. in North America), whereas in other world regions
the provision of protocol-based care and the associated logistics
may be lacking. This may lead to a difference in expectations on
both the patient’s and surgeon’s part as to when a patient might be
ready for discharge. Thus, LoS is a poor outcome parameter that
hampers comparison and is hard to interpret. The implementa-
tion of a structured care programme with well-defined recovery
and discharge criteria, as used within ERAS protocols, might
improve the comparability of clinical outcomes in future (multi-
centre) trials.
Laparoscopy and enhanced recovery programmes should not
be seen as separate methods of improving postoperative recovery
and outcomes such as morbidity rates and LoS. On the contrary, it
is likely that the implementation of both will result in a synergetic
improvement. Enhanced recovery programmes in liver surgery
have already been shown to reduce hospital LoS.12–15 The addi-
tional benefit of an ERAS strategy in a laparoscopic setting was
recently demonstrated in a trial in colonic surgery and a small
pilot study in liver surgery.11,19
This worldwide survey unveils experiences in enhanced recovery
programmes and laparoscopic liver surgery, and deliberations on
the need for RCTs in liver surgery. Although the present study
achieved a response rate of >75%, only 23.9% of respondents
completed the survey in full, which limited the study findings.
However, representatives of 161 liver surgery centres worldwide
shared their results and opinions. The use of a survey may be seen
as limiting the study because results are strongly dependent on the
type of respondents, questions and response rate. In addition, the
group profile of responding centres may have been subject to
response bias. Centres of considerable volume and those perform-
ing laparoscopic liver surgery may have been more likely to
respond.
Table 4 Length of stay after uncomplicated liver resection
Region Length of stay, days, median (range)/IQR
After open resection After laparoscopic
resection
Europe 7.0 (4–12)/3.0 5.0 (2–10)/1.0
North America 5.0 (4–8)/2.0 3.0 (1–5)/1.5
Central and South America 5.0 (2–7)/1.8 2.5 (1–5)/2.0
Asia 7.0 (5–15)/2.0 4.0 (3–10)/2.0
Oceania 5.0 (3–7)/1.8 4.0 (2–5)/1.5
Africa 8.0 (4–10)/5.5 4.5 (2–7)/4.5
Worldwide 7.0 (2–15)/3.0 4.0 (1–10)/2.0
IQR, interquartile range.
Table 5 Centres with experience in fast-track perioperative care programmes
Region Experience with ERAS programmes in a specific type of surgery, n/total n (%)
No experience In colon surgery In liver surgery In pancreatic surgery
Europe 31/72 (43.1%) 36/72 (50.0%) 22/72 (30.6%) 14/72 (19.4%)
North America 25/42 (59.5%) 6/42 (14.3%) 9/42 (21.4%) 8/42 (19.0%)
Central and South America 5/10 (50.0%) 4/10 (40.0%) 3/10 (30.0%) 1/10 (10.0%)
Asia 15/24 (62.5%) 8/24 (33.3%) 4/24 (16.7%) 3/24 (12.5%)
Oceania 2/8 (25.0%) 5/8 (62.5%) 6/8 (75.0%) 2/8 (25.0%)
Africa 4/5 (80.0%) 1/5 (20.0%) 1/5 (20.0%) 0/5
Worldwide 82/161 (50.9%) 60/161 (37.3%) 45/161 (28.0%) 28/161 (17.4%)
ERAS, enhanced recovery after surgery.
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The issue of import does not concern a choice between laparo-
scopic liver resection and an ERAS strategy, but, rather, how both
paths can be adequately adopted. The majority of responders still
consider an RCT of laparoscopic surgery to be necessary. It could be
argued that as more liver centres adopt laparoscopic techniques,
opportunities to conduct an RCT may be diminished by patient
and surgeon preferences. According to some surgeons, laparo-
scopic liver resection is without doubt therapeutically superior,
whereas for others this remains to be proven. In addition, in the
Louisville Consensus of 2008, experts concluded that the accrual of
patients for an RCT would be slow as a result of low overall
numbers. The ORANGE II Trial, currently enrolling patients, will
be the first RCT (combined with a prospective registry) to provide
evidence on laparoscopic vs. open liver resection.28 As for enhanced
recovery programmes, many centres are likely to have already
implemented multiple ERAS elements as part of modern care.
Further trials are needed to assess compliance with recovery pro-
tocols,29,30 specific elements of enhanced recovery programmes and
the possible reduction of medical expenses.
Conclusions
The worldwide dissemination of laparoscopic liver resection is
substantial, although the average volume of laparoscopic resec-
tions carried out in the majority of HPB centres is low. The adop-
tion of enhanced recovery programmes in liver surgery is limited
and the issue warrants greater attention. Both strategies are asso-
ciated with faster recovery and may work synergistically. Given the
increasing strength of the role of evidence-based medicine in
current surgical practice, more evidence is required.
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